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Description

FIELD OF THE INVENTION

This invention relates to olefin polymerization catalyst components, olefin polymerization catalyst and
process for the polymerization of olefins, and more particularly to novel olefin polymerization catalyst
components and olefin polymerization catalysts having excellent polymerization activities and capable of
giving olefin (co)polymers having a narrow molecular weight distribution and a narrow composition
distribution.

BACKGROUND OF THE INVENTION

It has heretofore been known that titanium based catalysts composed of a titanium compound and an
organoaluminum compound, or vanadium based catalysts composed of a vanadium compound and an
organoaluminum compound are used as catalyst for the preparation of a-olefin polymers, for example,
ethylene polymers or ethylene/a-olefin copolymers.

Generally, ethylene/a-olefin copolymers obtained with the titanium based catalysts have a broad
molecular weight distribution and a broad composition distribution and are poor in transparency, surface
non-tackiness and dynamical properties. Ethylene/a-olefin copolymers obtained with the vanadium based
catalyst have a narrow molecular weight distribution and a narrow composition distribution in comparison
with the ethylene/a-olefin copolymers obtained with the titanium based catalysts, and show a fairly good
improvement in transparency, surface non-tackiness and dynamical properties, but said catalyst are low in
polymerization activities and the resulting ethylene/a-olefin copolymers require deashing operation. There-
after, it is desired that catalyst systems further improved in these properties and developed to make their
appearance.

Under such circumstances, on the one hand, there have been proposed recently processes for the
preparation of ethylens/a-olefin copolymers using catalysts composed of zirconium compounds and
aluminoxanes as a new type of Ziegier catalysts for olefin polymerization.

For example, Japanese Patent L-O-P Pubin. No. 19309/1983 discloses a process for the preparation of
ethylene/a-olefin copolymers, which process comprises polymerizing ethylene and one or at least two Cs-
Ci2 a-olefins at a temperaturs of from -50°C to 200°C in the presence of a catalyst composed of a
transition metal containing compound represented by the following formula

(Cyclopentadienyl) MeRHal

wherein R is cyclopentadienyl, C:-Cs alkyl or halogen, Me is a transition metal and Hal is halogen, and a
linear aluminoxane represented by the following formula

Al2 OR4 (AI(R)-0),

wherein R is methyl or ethyl, and n is a number of from 4 to 20, or a cyclic aluminoxane represented by the
following formula

e e

CAI(R)-OTn+

wherein R and n are as defined above. This patent L-O-P publication teaches that in order to regulate the
density of the resulting polyethylene, the polymerization of ethylene should be carried out in the presence
of small quantities of up to 10% by weight of fairly long chain a-olefins or mixtures thereof.

Japanese Patent L-O-P Publn. No. 95292/1984 discloses an invention relating to processes for
preparing a linear aluminoxanes represented by the following formula
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R R R
\ | /7
Al-OTAl-O Al
/ N\
R R

wherein n is a number of from 2 to 40, and R is C,-C¢ alkyl, and a cyclic aluminoxane represented by the

following formula
l‘('Al (R) - OVn7

wherein n and R are as defined above.

This patent L-O-P publication describes that when the polymerization of ethylene is carried out in the
presence of a mixture comprising the aluminoxane prepared by the process of said publication, for
example, methyl aluminoxane, and a bis(cyclopentadienyl)zirconium compound or a bis(cyclopentadienyl)-
titanium compound, there are obtained at least twenty-five million grams of polyethylene per 1 g of the
transition metal and per 1 hour.

Japanese Patent L-O-P Publin. No. 35005/1985 discloses a process for preparing olefin polymerization
catalyst, which comprises first reacting an aluminoxane compound represented by the following formula

R} R!
\ /
Al-OTAl-O7mn — Al
/ I \
RO R! RO

wherein R' is C;1-Co alkyl, and R° is R' or R® represents -O- by linkage, with a magnesium compound, and
then chlorinating the reaction product, followed by treatment with a compound of Ti, V, Zr or Cr. This patent
L-O-P publication describes that the catalysts prepared by the process are particularly suitable for use in
copolymerization of ethylene and C3-Cy2 a-olefins.

Japanese Patent L-O-P Publin. No. 35006/1985 discloses a combination of (a) two or more dissimilar
mono-, di- or tricyclopentadienyls or their derivatives of transition metals and (b) an aluminoxane as a
catalyst for preparation of reactor blended polymers. Example 1 of this Patent L-O-P publication discloses
that ethylene and propylene are polymerized in the presence of a catalyst composed of bis-
(pentamethylcyclopentadienyl)dimethy! zirconium and an aluminoxane to obtain polyethylene having a
number average molecular weight of 15,300, a weight average molecular weight of 36,400 and containing
3.4% of the propylene component. In Example 2 of this patent L-O-P publication, ethylene and propylene
are polymerized in the presence of a catalyst composed of bis(pentamethylcyclopentadienyl)zirconium
dichloride, bis(methylcyclopentadienyl)zirconium dichloride and an aluminoxane to obtain a blend of
polyethylene and an ethylene/propylene copolymer consisting of a toluene-soluble portion having a number
average molecular weight of 2,200 and a weight average molecular weight of 11,800 and containing 30
mol% of the propylene component and a toluene-insoluble portion having a number average molecular
weight of 3,000 and a weight average molecular weight of 7,400 and containing 4.8 mol% of the propylene
component, said blend having a number average molecular weight of 2,000 and a weight average molecular
weight of 8,300 and containing 7.1 mol% of the propylene component. Similarly, Example 3 discloses a
blend of LLDPE and an ethylene/propylene copolymer consisting of a soluble portion having a molecular
weight distribution (Mw /Mn) of 457 and containing 20.6 mol% of the propylene component and an
insoluble portion having a molecular weight distribution of 3.04 and containing 2.9 mol% of the propylene
component.
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Japanese Patent L-O-P Publn. No. 35007/1985 discloses a process wherein ethylene alone is polymer-
ized, or ethylene and an a-olsfin of 3 or more carbon atoms are copolymerized in the presence of a catalyst
system containing a metallocene and a cyclic aluminoxane represented by the following formula

l(R)-0'7FT_]

wherein R is an alkyl group of 1 to 5 carbon atoms, and n is an integer of 1 to about 20, or a linear
aluminoxane represented by the following formula

R(R-Al-0), Al R

wherein R and n are as defined above.

According to this patent L-O-P publication, the polymers obtained in this manner have a weight average
motecular weight of about 500 to about 1,400,000 and a molecular weight distribution of 1.5 to 4.0.

Japanese Patent L-O-P Publin. No. 35008/1985 discioses that polyethylene or ethylene/Cs-Cio a-olefins
copolymers having a wide molecular weight distribution are prepared by using a catalyst system comprising
at least two metaliocenes and aluminoxane. This patent L-O-P publication indicates that the copolymers
obtained in this manner have a molecular weight distribution (Mw /Mn) of 2-50.

Japanese Patent L-O-P Publns. Nos. 260602/1985 and 130604/1985 propose processes for poly-
merizing olefins by using catalysts formed from a transition metal compound and a mixed organoaluminum
compound comprising a transition metal compound, aluminoxane and an organoaluminum compound, and
disclose that polymerization activity per unit transition metal improves by the addition of the or-
ganoaluminum compound.

Japanese Patent L-O-P Publn. No. 36390/1987 teaches that aluminoxanes are obtained by reaction of
organoaluminum compounds with iron compounds containing water of crystallization, Japanese Patent L-O-
P Pubin. No. 148491/1987 teaches that aluminoxanes may be obtained by reaction of organoaluminum
compounds with compounds containing water of crystallization selected from the group consisting of
magnesium compounds, nickel compounds and lanthanide compounds, and Japanese Patent L-O-P Publns.
Nos. 56507/1988 and 56508/1988 teach that aluminoxanes can be obtained by reaction of water directly
with organoaluminum compounds in inert hydrocarbon solvents utilizing a high speed, high shearing ability
induction type impeller or an ultrasonic wave.

In preparing a-olefin (co)polymers in the manner now described, when the aluminoxane compounds are
used as one component of the catalyst therefor, a-olefin (co)polymers having a narrow molecular weight
distribution and a narrow composition distribution can be obtained with excellent polymerization activity.

However, a great desideratum for the industry concerned is the advent of such aluminoxane type
organoaluminum compounds as having excellent polymerization activity on a-olefin and as being capable of
giving olefin (co)polymers having a narrow" molecular weight distribution and a narrow composition
distribution.

In this connection, known aluminoxane compounds used hitherto in olefin polymerization, even when
they are used in a state of liquid or solid, were prepared and recovered as those which are soluble in
hydrocarbon solvents such as benzene or toluene, and their molecular weight was determined by
cryoscopic methods after dissolving them in benzene and, moreover, a structure of said aluminoxane was
decided by measuring a freezing point thereof in benzene.

In light of the foregoing points, the present inventors prosecuted extensive researches and eventually
have accomplished the present invention on the basis of their fining that novel organoaluminum oxy-
compounds prepared from known aluminoxanes or organoaluminum compounds which have not been
known at all hitherto and which are insoluble or sparingly soluble in benzene and toluene exhibit excellent
catalytic activities in olefin polymerization.

OBJECT OF THE INVENTION

The present invention has been accomplished in consideration of the prior art as mentioned above, and
an object of the invention is to. provide novel olefin polymerization catalyst components and olefin
polymerization catalysts containing said catalyst components capable of giving olefin (co)polymers having a
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narrow molecular weight distribution and a narrow composition distribution, and a process for the poly-
merization of olefins with said olefin polymerization catalysts.

SUMMARY OF THE INVENTION

The olefin polymerization catalyst components of the present invention are characterized by comprising
an organoaluminum oxy-compound [A] having less than 10% in terms of Al atom of Al component
dissolving in benzene kept at 60°C.
The first olefin polymerization catalyst of the present invention is characterized by comprising
[A] an organoaluminum oxy-compound having less than 10% in terms of Al atom of Al component
dissolving in benzene kept at 60°C, and
[B] a transition metal compound containing a ligand having a cycloalkadienyl skeleton.

The second olefin polymerization catalyst of the present invention is characterized by comprising
[A] an organoaluminum oxy-compound having less than 10% in terms of Al atom of Al component
dissolving in benzene kept at 60°C,
[8) a transition metal compound containing a ligand having a cycloalkadienyl skeleton, and
[C] an organcaluminum compound.

The third olefin polymerization catalyst of the present invention is characterized by comprising
[A] an organoaluminum oxy-compound having less than 10% in terms of Al atom of Al component
dissolving in benzene kept at 60°C,
[B] a transition metal compound containing a ligand having a cycloalkadieny! skeleton, and
[D} an aluminoxane having at least one hydrocarbon group other than n-alkyl group bonded to the
aluminum atom.

The fourth olefin polymerization catalyst of the present invention is characterized by comprising

[A] an organoaluminum oxy-compound having less than 10% in terms of Al atom of Al component
dissolving in benzene kept at 60°C,

[B] a transition metal compound containing a ligand having a cycloalkadieny! skeleton,

{C] an organoaluminum compound, and

[O) an aluminoxane having at least one hydrocarbon group other than n-alkyl group bonded to the
aluminum atom.

The process for the polymerization of olefins of the present invention is characterized by polymerizing
or copolymerizing a-olefins with the olefin polymerization catalysts as illustrated above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing IR spectrum of the benzene-insoluble organoaluminum oxy-compound used
in the present invention.
Fig. 2 is a graph showing IR spectrum of a known benzene-soluble organoaluminum compound.

DETAILED DESCRIPTION OF THE INVENTION

The olefin polymerization catalyst components, olefin polymerization catalyst and the process for the
polymerization of olefins using said olefin polymerization catalysts are illustrated below in detail.

in the present invention, the term *polymerization” is sometimes used in a sense that it includes not
only homopolymerization but also copolymerization, and also the term "polymer” is sometimes used in a
sense that it includes not only homopolymer but also copolymer.

The olefin polymerization catalyst components of the present invention comprises a benzene-insoluble
organoaluminum oxy-compound [A].

Benzene-insoluble organcaluminum oxy-compound [A]

The benzene-insoluble organoaluminum oxy-compounds [A] used in the present invention have less
than 10%, preferably less than 5% and, in particular, less than 2% in terms of Al atom of Al component
dissolving in benzene kept at 60°C and are insoluble or sparingly soluble in benzene. Namely, Al
component of the organoaiuminum oxy-compound [A] dissolving in benzene kept at 60°C is less than 10%,
preferably less than 5% and, in particular, less than 2% in terms of Al atom.

Solubility in benzene of such organoaluminum oxy-compounds as mentioned above is obtained by
suspending in 100 ml of benzene said organoaluminum oxy-compound in an amount corresponding to 100

6
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mg atoms in terms of Al atom, mixing the resulting suspension at 60°C for 6 hours, filtering the resulting
mixture with G-5 glass filter equipped with a jacket kept at 60 °*C, and washing four times the solids portion
separated on the filter with 50 ml of benzene at 60° C to measure the amount (x mmol) of Al atoms present
in the whole filtrate.

When the benzene-insoluble organoaluminum oxycompounds of the present invention are analyzed by
infrared spectrophotometry (IR), a ratio {D1260/D1220) of an absorbance (Di260) at around 1260 cm™' to an
absorbance (D1220) at around 1220 cm™* is less than 0.09, preferably less than 0.08 and particularly in the
range of from 0.04 to 0.07.

Infrared spectrophotometric analysis of the organoaluminum oxy-compounds as referred to in the
present specification is carried out in the following manner.

First, the organoaluminum oxy-compound is ground, together with nujol, in an agate mortar in a nitrogen
box to paste.

Next, the paste-like sample thus obtained is put between KBr plates, and IR spectrum is measured in @
nitrogen atmosphere by means of IR-810 manufactured and sold by Nippon Bunko K.K.

IR spectrum of the organoaluminum oxy-compound of the present invention as obtained is shown in
Fig. 1.

From the thus obtained IR spectrum, a D1260/D1220 ratio is sought, and a value of said ratio is obtained
in the following manner.

(a) A line connecting a maximum point at around 1280 cm™' and a maximum point at around 1240 cm™'
is taken as a base line L,.

(b) A transmittance (T %) of an absorption minimum point at around 1260 cm~"' and an transmittance {To
%) of a point of intersection are read, said point of intersection being obtained by drawing a vertical line
from said absorption minimum point to a wave number abscissa axis (abscissa) and crossing said
vertical line with said base line L1, whereby an absorbance (D1ze0 = log To/T) is calculated.

(c) Similarly, a line connecting maximum points at around 1280 cm-! and at around 1180 cm™' is taken
as a base line L.

(d) A transmittance (T" %) of an absorption minimum point at around 1220 cm™' and a transmittance (To
%) of a point of intersection are read, said point of intersection being obtained by drawing a vertical line
from said absorption minimum point to a wave number abscissa axis (abscissa) and crossing said
vertical line with said base line Lz, whereby an absorbance (D1220 =log To/T) is calculated.

(e) From these values as abtained, Di2s0/D1220 is calculated.

IR spectrum of a known benzene-soluble organoaluminum oxy-compound is shown in Fig. 2. As can be
seen from Fig. 2, the benzene-soluble aluminum oxy-compound has a value of Dizeo/Di220 oOf being
virtually 0.10-0.13, and thus the benzene-insoluble organoaluminum oxy-compound of the present invention
is apparently different in the value of Diz60/D1220 from the known benzene-soluble organoaluminum oxy-
compound.

The benzene-insoluble organoaluminum oxy-compounds of the present invention are presumed to have
an alkyloxyaluminum unit represented by the formula

R1
|
Al-0O

wherein R is a hydrocarbon group of 1 to 12 carbon atoms.

In the above-mentioned alkyloxyaluminum unit, R' includes, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, pentyl, hexyl, octyl, decyl, cyclohexyl and cyclooctyl. Of these hydrocarbon
groups exemplified above, preferred are methyl and ethyl, and particularly preferred is methyl.

In addition to the alkyloxyaluminum unit of the formula

—¢ OAl )~
R
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the benzene-insoluble organoaluminum oxy-compounds of the present invention may contain an ox-
yaluminum unit represented by the formula

—OAl9—
ke

wherein R' is as defined above, and R? is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxyl group
of 1 to 12 carbon atoms, an aryloxy group of 8 to 20 carbon atoms, a hydroxyl group, halogen or hydrogen,
provided that R' and R? are different from each other. In that case, the organoaluminum oxy-compounds
desirably contain the alkyloxyaluminum unit

_(.04?1_)_
R}

in a proportion of at least 30 mol%, preferably at least 50 mol% and particularly at least 70 mol%.

The processes for preparing the benzene-insoluble organoaluminum oxy-compounds [A) as mentioned
above are illustrated below in detail. )

The above-mentioned benzene-insoluble organoaluminum oxy-compounds [A] are obtained by bringing
a solution of aluminoxane into contact with water or an active hydrogen containing compound.

The solution of aluminoxane used in the present invention may be prepared, for example, by the
following procedures.

(1) The procedure for recovering aluminoxanes as their solution in hydrocarbons which comprises
reacting organocaluminum compounds such as trialkylaluminum with suspensions in hydrocarbon solvents
of compounds having absorbed water or saits containing water of crystallization, for example, hydrates of
magnesium chloride, copper sulfate, aluminum sulfate, nickel sulfate or cerous chloride.

(2) The procedure for recovering aluminoxanes as their solution in hydrocarbons which comprises
allowing organoaluminum compounds such as trialkylaluminum to interact directly with water, ice or
water vapor in solvents such as benzene, tolusne, ethyl ether and tetrahydrofuran.

In this connection, aluminoxane of the above-mentioned solution of aluminoxane may contain small
amount of organometallic components. Furthermore, the solution of aluminoxane recovered by the above-
mentioned procedures may be distilled to remove therefrom the solvent or unreacted organoaluminum
compound, followed by dissolving again in solvents.

The organoaluminum compounds used for preparing such solutions of aluminoxane as mentioned
above include, for example, ftrialkylaluminum such as trimethylaluminum, triethylaluminum,
tripropylaluminum, triisopropylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri-
tert-butylaluminum, tripentylaluminum, trihexylaluminum, trioctylaluminum, tridecylaluminum, tricyclohex-
ylaluminum, tricyclooctylaluminum; dialkylaluminum halides such as dimethylaluminum chloride,
diethylaluminum chloride, diethylaluminum bromide and diisobutylaluminum chloride; dialkylaluminum
hydrides such as diethylaluminum hydride and diisobutylaluminum hydride; dialkylaluminum alkoxides such
as dimethylaluminum methoxide and diethylaluminum ethoxide; and dialkylaluminum aryloxides such as
disthylaluminum phenoxide.

Of the organoaluminum compounds as exemplified above, particularly preferred is trialkylaluminum.

Furthermore, there may also be used as the organoaluminum compound isoprenylaluminum repre-
sented by the general formula

(i-Ca Ha)xAly(Cs Hio)z

wherein x, y and z are each a positive number, and z 2 2x.
The organoaluminum compounds mentioned above may be used either singly or in combination.
Solvents used in the solutions of aluminoxane include aromatic hydrocarbons such as benzene, toluene,
xylene, cumene and cymens; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane,
dodecane, hexadecane and octadecans; alicyclic hydrocarbons such as cyclopentane, cyclohexane,
cyclooctane and methylcyclopentane; petroleum fractions such as gasoline, kerosene and gas oil; or
haloganated hydrocarbons such as halides, particularly chloride and bromides, of the above-mentioned

8
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aromatic, aliphatic and alicyclic hydrocarbons. In addition thereto, there may also be used ethers such as
ethyl ether and tetrahydrofuran. Of these solvents as exemplified above, particularly preferred are aromatic
hydrocarbons.

In the present invention, as mentioned above, the benzene-insoluble organoaluminum oxy-compounds
[A) are obtained by bringing the above-mentioned solution of aluminoxane into contact with water or an
active hydrogen containing compound.

The active hydrogen containing compounds used in the present invention include alcohols such as
methanol, ethanol, n-propanol and isopropanol; diols such as ethylene glycol and hydroquinone: and
organic acids such as acetic acid and propionic acid. Of these compounds, preferred are alcohols and diols,
and especially preferred are alcohols.

Water or the active hydrogen containing compounds with which the solution of aluminoxanse is brought
into contact may be used as solutions or dispersions in hydrocarbon solvents such as benzene, toluene and
hexane, ether solvents such as tetrahydrofuran or amine solvents such as triethylamine, or may be used in
the form of vapor or solid. The water with which the solution of aluminoxane is brought into contact may be
water of crystallization of salts such as magnesium chioride, magnesium sulfate, aluminum sulfate, copper
sulfate, nicke! sulfate, iron sulfate and cerous chloride, or absorbed water absorbed to inorganic compounds
such as silica, alumina and aluminum hydroxide or polymers.

Reaction of the solution of aluminoxane with water or the active hydrogen containing compounds is
carried out usually in solvents, for example, hydrocarbon solvents. The solvents used in this case are
aromatic hydrocarbons such as benzene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons
such as pentane, hexane, heptane, octane, decane, dodecane, hexadecane and octadecane; alicyclic
hydrocarbons such as cyclopentane, cyclohexane, cyclooctane and methylcyclohexane; petroleum fractions
such as gasoline, kerosene and gas oil; halogenated hydrocarbons such as halides of the above-mentioned
aromatic hydrocarbons, aliphatic hydrocarbons and alicyclic hydrocarbons, particularly, chlorides and
bromides; and ethers such as ethyl ether and tetrahydrofuran. Of these solvents as exemplified above,
particularly preferred are aromatic hydrocarbons.

In the reaction as mentioned above, water or the active hydrogen containing compound is used in an
amount of 0.1-5 moles, preferably 0.2-3 moles to 1 mole of Al atoms present in the solution of aluminoxane.
A concentration in terms of aluminum atom in the reaction system is desirably 1 x 1073 - 5 gram atom/],
preferably 1 x 10~2 - 3 gram atom/l, and a concentration of water in the reaction system is desirably 2 x
10™* - 5 mol, preferably 2 x 10~3 - 3 mol/.

The solution of aluminoxane may be brought into contact with water or the active hydrogen containing
compound, for example, by the following procedures.

(1) The procedure which comprises bringing the solution of aluminoxane into contact with a hydrocarbon
solvent containing water or the active hydrogen containing compound.

(2) The procedure which comprises blowing vapor of water or the active hydrogen containing compound
into the solution of aluminoxane, thereby bringing the aluminoxane into contact with the vapor.

{3) The procedure which comprises bringing the solution of aluminoxane into contact directly with water,
ice or the active hydrogen containing compound.

(4) The procedure which comprises mixing the solution of aluminoxane with a suspension of an absorbed
water containing compound or a water of crystallization containing compound in hydrocarbon, or with a
suspension of a compound, to which the active hydrogen containing compound has been absorbed, in
hydrocarbon, thereby bringing the aluminoxane into contact with the absorbed water or water of
crystallization or the active hydrogen containing compound.

The solution of aluminoxane may contain other components so long as they do not exert adverse
effects on the reaction of aluminoxane with water or the active hydrogen containing compound.

The above-mentioned reaction of the solution of aluminoxane with water or the active hydrogen
containing compound is carried out usually at -50 to 150° C, preferably 0-120*C and more desirably at 20-
100 C. The reaction time employed is usually 0.5-300 hours, preferably 1-150 hours, though said reaction
time varies largely depending upon the reaction temperature used.

The benzene-insoluble organoaluminum oxy-compounds [A] used in the present invention may also be
obtained directly by bringing the above-mentioned organoaluminum into contact with water. In this case, the
water is used in such an amount that the organoaluminum atoms dissolved in the reaction system become
less than 20% based on the total organoaluminum atoms.

The water which is brought into contact with the organoaluminum compound may be used after
dissolving or dispersing it in hydrocarbon solvents such as benzene, toluene and hexane, ether solvents
such as tetrahydrofuran or amine solvents such as triethylamine, or may be used in the form of water vapor
or ice. Furthermore, as the water, there may also be used water of crystallization of salts such as
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magnesium chloride, magnesium sulfate, aluminum sulfate, copper sulfate, nickel sulfate, iron sulfate and
cerous chloride, or absorbed water absorbed to inorganic compounds such as silica, alumina and aluminum
hydroxide or polymers.

The reaction of the organoaluminum compound with water is carried out usually in hydrocarbon
solvents. In this case, the hydrocarbon solvents used include aromatic hydrocarbons such as benzene,
toluense, xylene, cumene and cymene, aliphatic hydrocarbons such as butane, isobutane, pentane, hexane,
heptane, octane, decane, dodecane, hexadecane and octadecane, alicyclic hydrocarbons such as cyclopen-
tane, cyclohexane, cyclooctane, cyclodecane, cyclododecane and methylcyclohexane, petroleum fractions
such as gasoline, kerosene or gas oil, or halides, particularly chiorides and bromides, of the above-
mentioned aromatic, aliphatic and alicyclic hydrocarbons. In addition thereto, there may also be used ethers
such as ethyl ether and tetrahydrofuran. Of these solvents as exemplified above, particularly preferred are
aromatic hydrocarbons.

Desirably, a concentration in terms of aluminum atom of the organcaluminum compound in the reaction
system is usually 1 x 1073 - 20 molA, preferably 1 x 10~2 - 10 molA, further preferably 1 x 10~3 - § gram
atom/, and 1 x 1072 - 3 gram atom/ in particular, and a concentration of water in the reaction system is
usually 1 x 1073 - 5 mol/l and preferably 1 x 102 - 3 mol/. In this case, the aluminum atoms dissolved in
the reaction system is desirably less than 20%, preferably less than 10% and further preferably 0 - 5%
based on the total organoaluminum atoms.

The organoaluminum compound may be brought into contact with water, for example, by the following
procedures.

(1) The procedure which comprises bringing a hydrocarbon solution of organoaluminum into contact with
a hydrocarbon solution containing water.

{2) The procedure which comprises blowing water vapor into a hydrocarbon solution of organoaluminum,
thereby bringing the organoaluminum to contact with water.

(3) The procedure which comprises mixing a hydrocarbon solution of organoaluminum with a hydrocar-
bon suspension of an absorbed water containing compound or a water of crystallization containing
compound, thereby bringing the organoaluminum into contact with the absorbed water or water of
crystallization.

{4) The procedure which comprises bringing a hydrocarbon solution of organoaluminum into contact with
ice.

The above-mentioned hydrocarbon solution of organoaluminum may contain other components so long
as they do not exert adverse effects on the reaction of the organoaluminum with water.

The reaction of the organoaluminum compound with water is carried out usually at a temperature of
=100 - 150°C, preferably -70 - 100 * C and further preferably -50 - 80 * C. The reaction time, though it varies
largely depending upon the reaction temperature employed, is usually 1 - 200 hours, preferably 2 - 100
hours.

The olefin polymaerization catalysts of the present invention are illustrated hereinafter.

The first olefin polymerization catalyst of the present invention comprises the above-mentioned
organoaluminum oxy-compound [A] having less than 10% in terms of Al atom of Al component dissolving in
benzene ketp at 60°C, and a transition metal compound [B] containing a ligand having a cycloalkadieny!
skeleton.

The transition metal compound [B) as mentioned above is illustrated below in dstail.

Transition metal compound [B]

The transition metal compound [B] used in the present invention is represented by the formula ML,
wherein M is a transition metal, L is a ligand coordinating to the transition metal, at least one of L is a ligand
having a cycloalkadienyl skeleton, L other than the ligand having a cycloalkadieny| skeleton is a hydrocar-
bon group of 1-12 carbon atoms, an alkoxy group, an aryloxy group, halogen or hydrogen, and x is a
valence of the transition metal.

In the above-mentioned formula, M which is a transition metal includes zirconium, titanium, hafnium,
chromium or vanadium by preference, and particularly preferred are zirconium and hafnium.

The ligands having a cycloalkadieny! skelston include, for exampls, cyclopentadienyl, alkyl-substituted
cyclopentadienyl groups such as methylcyclopentadienyl, ethylcyclopentadienyl, n-butylcyclopentadienyst,
dimethylcyclopentadienyl and pentamethylcyclopentadienyl, and an indeny! group, 4.5.6,7-tetrahydroindeny!
group and a fluorenyi group.

Two or more ligands having a cycloalkadienyl skeleton as mentioned above may coordinate to the
transition metal and, in this case, at least two ligands having a cycloalkadienyl skelston may be bonded
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together via a lower alkylene group.

The ligand other than those having a cycloalkadienyl skeleton is a hydrocarbon group of 1-12 carbon
atoms, an alkoxy group, an aryloxy group, halogen or hydrogen.

The hydrocarbon group having 1-12 carbon atoms mentioned above includes, for example, alkyl,
cycloalkyl, aryl and aralkyl, and the alkyl group includes methyl, ethyl, propyl, isopropy! and butyl.

The cycloalkyl group mentioned above includes, for example, cyclopentyl and cyclohexyl, the aryl
group includes, for example, phenyl and tolyl, and the aralkyl group includes, for example, benzyl and
neophyl.

The alkoxy group mentioned above includes, for example, methoxy, ethoxy and butoxy, and the aryloxy
group includes, for example, phenoxy.

The halogen mentioned above includss, for example, fluorine, chlorine, bromine and iodine.

Such transition metal compounds [B] containing ligands having a cycloalkadieny! skeleton as used in
the present invention, for example, the transition metal thereof has a valence of 4, may be represented
more concretely by the formula

R3,R3R* mR° M

wherein M is zirconium, titanium, hafnium or vanadium, R? is a group having a cycloalkadieny! skeleton, R3,
R* and R® are each a group having a cycloalkadienyl skeleton, an alkyl, cycloalkyl, aryl, aralkyl, alkoxy or
aryloxy group, halogen or hydrogen, k is an integer of at least 1, and k+|+m+n = 4.

Transition metal compounds are those of the above-mentioned formula R3,R3R*,,R5,M in which at least
two of R2, R, R* and RS, that is, RZ and R? are each a group having a cycloalkadienyl skeleton, said two
groups having a cycloalkadienyl skeleton may be bonded to each other via lower alkylene, for example,
methylene, ethylene, propylene or the like, and R* and R®> may be each a group having a cycloalkadienyl
skeleton, an alkyl, cycloalkyl, aryl, aralkyl, alkoxy or aryloxy group, halogen or hydrogen.

Listed below are typical representatives of the transition metal compounds [B)] having a cycloalkadienyl
skeleton, represented by the aforementioned formula ML, in which M is zirconium.

Bis(cyclopentadienyl)zirconium monochloride monohydride,

Bis(cyclopentadienyl)zirconium monobromide monohydride,

Bis(cyclopentadienyl)methyl zirconium hydride,

Bis(cyclopentadienyl)ethyl zirconium hydride,

Bis(cyclopentadienyl)pheny! zirconium hydride,

Bis(cyclopentadienyl)benzyl zirconium hydride,

Bis(cyclopentadienyl)neopentyl zirconium hydride,

Bis(methylcyclopentadienyl)zirconium monochloride hydride,

Bis(indenyl)zirconium monochloride monohydride,

Bis(cyclopentadienyl)zirconium dichloride,

Bis(cyclopentadienyl)zirconium dibromide,

Bis(cyclopentadienyl)methyl zirconium monochloride,

Bis(cyclopentadienyl)ethy! zirconium monochloride,

Bis(cyclopentadienyl)cyclohexyl zirconium monochloride,

Bis(cyclopentadienyl)phenyl zirconium monochloride,

Bis(cyclopentadienyl)benzyl zirconium monochloride,

Bis(methylcyclopentadienyl)zirconium dichloride,

Bis(n-butylcyclopentadienyl)zirconium dichioride,

Bis(indenyl)zirconium dichloride,

Bis(indenyl)zirconium dibromide,

Bis(cyclopentadienyl)zirconium dimethyl,

Bis(cyclopentadienyl)zirconium diphenyl,

Bis(cyclopentadienyl)zirconium dibenzyl,

Bis(cyclopentadienyl)zirconium methoxychloride,

Bis(cyclopentadienyl)zirconium ethoxychloride,

Bis(methylcyclopentadienyl)zirconium ethoxychloride,

Bis(cyclopentadienyl)zirconium phenoxychloride,

Bis(fluorenyl)zirconium dichloride, )

Listed below are typical representatives of the transition metal compounds [B] of the above-mentionsd
formula in which M is zirconium and which contain at least two ligands having a cycloalkadieny! skeleton,
said ligands being bonded together via lower alkylene groups.
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Ethylensbis(indenyl)dimethy! zirconium,

Ethylensbis(indenyl)diethyi zirconium,

Ethylenebis(indenyl)dipheny! zirconium,

Ethylenebis(indenyl)methy! zirconium monochloride,

Ethylenebis(indenyl)ethyl zirconium monochloride,

Ethylenebis({indenyl)methy! zirconium monobromide,

Ethylenebis(indenyl)zirconium dichloride,

Ethylenebis(indenyl)zirconium dibromide,

Ethylenebis(indenyl)zirconium methoxy monochioride,

Ethylenebis(indenyl)zirconium sthoxy monochloride,

Ethylenebis(indenyl)zirconium phenoxy monochloride,

Ethylenebis(cyclopentadienyl)zirconium dichloride,

Propylenebis(cyclopentadienyl)zirconium dichloride,

Ethylenebis(t-butylcyclopentadienyl)zirconium dichloride,

Ethylenebis(4,5,6,7-tetrahydro-1-indenyl)dimethyl zirconium,

Ethylenebis(4,5,6,7-tetrahydro-1-indenyl)methy! zirconium monochloride,

Ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride,

Ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconium dibromide,

Ethylenebis(4-methyl-1-indenyl)zirconium dichloride,

Ethylenebis(5-methyl-1-indenyl)zirconium dichloride,

Ethyienebis(6-methyl-1-indenyl)zirconium dichloride,

Ethylenebis(7-methyl-1-indenyl)zirconium dichloride,

Ethylenebis(5-methoxy-1-indenyl)zirconium dichloride,

Ethylenebis(2,3-dimethyl-1-indenyl)zirconium dichioride,

Ethylenebis(4,7-dimethyl-1-indenyl)zirconium dichloride,

Ethylenebis(4,7-dimethoxy-1-indenyl)zirconium dichloride.

There may also be used transition metal compounds obtained by replacing the zirconium metal in the
above-exemplified zirconium compounds with titanium metal, hafnium metal, or vanadium metal.

These transition metal compounds may also be used in admixture of two or more.

In the present invention, polymers which are particularly high in stereoregularity are obtained when such
ethylenebisindenyl type zirconium or hafnium compounds are used as the transition metal compounds [B]
containing at least two ligands having a cycloalkadienyl skeleton, said ligands being bonded together via
lower alkylene groups.

The second olefin polymerization catalyst of the present invention is illustrated below.

This olefin polymerization catalyst comprises the above-mentioned organoaluminum oxy-compound [A]
having less than 10% in terms of Al atom of Al component dissolving in benzene kept at 60 C, the above-
mentioned transition metal compound [B] containing a ligand having a cycloalkadieny! skeleton, and an
organoaluminum compound [C].

The organoaluminum compound {C] is illustrated below in detail.

Organoaluminum compound [C]

The organoaluminum compound [C] used in the present invention is represented by the formula
RS ,AlX;3-, wherein R® is hydrocarbon of 1-12 carbon atoms, X is halogen and m is 1-3, or the formula
RE LAY, , wherein R® is as defined above, Y is hydrogen, -OR’, -OSiR?;, -OAIR®,,

-Ilquloz'
R1! -

-NR'%; or SiR'3,, nis 1-2 and R’ through R'? are each hydrogen, halogen or hydrocarbon.

In the above-mentioned formula, RS is hydrocarbon of 1-12 carbon atoms, for example, alkyl, cycloalkyl
or aryl, including concretely methyl, ethyl, n-propyl, isopropy!, isobutyl, pentyl, hexyl, octyl, decyl
cyclopentyl, cyclohexyl, phenyl, and tolyl.

The organoaluminum compounds of the formula R® ,AlX3-m include, in concrete, such compounds as
mentioned below.
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Trialkylaluminum such as trimethylaluminum, triethylaluminum, triisopropylaluminum,
triisobutylaluminum, trihexylaluminum, trioctylaluminum, and tri-2-ethylhexylaluminum.
Alkenylaluminum such as isoprenylaluminum, etc.
Dialkylaluminum halides such as dimethylaluminum chloride, diethylaluminum  chloride,
diisopropylaluminum chloride, diisobutylaluminum chioride, and diisobutylaluminum bromide.
Alkylaluminum sesquihalides such as methylaluminum sesquichloride, ethylaluminum sesquichloride.
isopropylaluminum sesquichloride, isobutylaluminum sesquichloride, and ethylaluminum sesquibromide.
Alkylaluminum  dihalides such as methylaluminum dichloride, ethylaluminum  dichloride,
isopropylaluminum dichloride, isobutylaluminum dichloride, and ethylaluminum dibromide.
The organoaluminum compounds of the formula RS,AlYs-, include, in concrete, such compounds as
enumerated below.
(i) Compounds of the formula RS ,AI(OR? )3, such as dimethylaluminum methoxide, disthylaluminum
ethoxide, diisobutylaluminum butoxide, and diisobutylaluminum methoxide.
(i) Compounds of the formula RS ,Al(OSiR®3)3-4 such as (C2Hs)2AI0Si(CHs)s, (is0-C4 Ha )2 AIOSi(CHa)a,
and (is0-Ca Hs 2 AIOSi(C2Hs ).
(iiiy Compounds of the formula R®,AI(OAIR®2);-, such as (C2Hs 2 AIOAI(C2Hs )2, and (iso-Cs HC9)22A10AI-
(is0-CaHs)2.
(iv) Compounds of the tormula

R!!
l
R6,AI(NAIR!03)3.p

such as

(C2Hs)2All‘|1A1(C2Hs)2. (Czﬂs)zAUfAl(Czﬂs)z.
Ce¢Hs CH3

and

(iSO-CaHg)zAll‘fAl(iSO-C4H9)2
C2Hs

(v) Compounds of the formula R®,AI(NR'%)s-, such as {CH3)2 AIN(C2Hs )2, (C2Hs)2AINHCHa, (CHs)-
2AINH(C2Hs), (C2Hs )2 AIN(Si(CHs)a)2. and (iso-Ca Hs )2 AIN(Si(CHa)s)2.
(vi) Compounds of the formula R® ,Al(SiR'33)3-, such as (is0-C4 Hs 2 AISi(CH3)s.

Of the organoaluminum compounds as exemplified above, preferred are those of the formula R®3Al,
RS,AI(OR?) or REAlOAIR®;), and particularly preferred are those of the formula RS3Al, Ré2AI(OR?) or
RS, AI(OAIR?2) in which R® is a branched chain alkyl group. Concretely, particularly preferred are triisoal-
kylaluminum compounds such as triisobutylaluminum, tri-2-ethylhexylaluminum and the like.

These organcaluminum compounds may be used alone or in combination.

The third olefin polymerization catalyst of the present invention is illustrated below.

This olefin polymerization catalyst comprises the above-mentioned organoaluminum oxy-compound [A]
having less than 10% in terms of Al atoms of Al component dissolving in benzene kept at 60° C, the above-
mentioned transition metal compound [B] containing a ligand having a cycloalkadienyl skeleton, and an
aluminoxane [D] having at least one hydrocarbon group other than n-alky! group bonded to the aluminum
atom.

This aluminoxane [D] is illustrated below in detail.

Aluminoxane [D] having at least one hydrocarbon group other than n-alkyl bonded to the aluminum atom

The aluminoxane used in the present invention has at least one hydrocarbon group other than n-alkyl
group bonded to the aluminum atom.
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Such aluminoxane as mentioned above may be prepared, for example, by the following procedures.

(1) A method which comprises reacting a suspension of a compound containing water of absorption or a
salt containing water of crystallization, for example, magnesium chloride hydrate, copper sulfate hydrate,
aluminum sulfate hydrate, nickel sulfate hydrate or cerous chioride hydrats, in a hydrocarbon medium
with an organoaluminum compound having at least one hydrocarbon group other than n-alkyl group
bonded to the aluminum atom such as trialkylaluminum.

(2) A method which comprises reacting an organoaluminum compound having at least one hydrocarbon
group other than n-alkyl group bonded to the aluminum atom such as trialkylaluminum directly with
water, ice or water vapor in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran.

The aluminoxane prepared by these methods may contain small amounts of organometallic compo-
nents. The above-mentioned solution of aluminoxane recovered may be distilled to remove the solvent or
unreacted organoaluminum compound therefrom, followed by dissolving again in a solvent.

The organocaluminum compounds used in the preparation of the aluminoxane having at least one
hydrocarbon group other than n-alkyl group bonded to the aluminum atom contain at least one hydrocarbon
group other than n-alkyl group. The hydrocarbon group other than n-alky! group includes, for example,
branched chain alkyl such as isoalkyl, cycloalkyl and aryl.

Typical representatives of such organoaluminum compounds as mentioned above include, in concrete,
trialkylaluminum such as triisopropylaluminum, triisobutylaluminum, tri-2-methylbutylaluminum, tri-3-methyl-
butylaluminum, tri-2-methylpentylaluminum, tri-3-methylpentylaluminum, tri-4-methylpentylaluminum, tri-2-
methylhexylaluminum, tri-3-methylhexylaluminum and tri-2-ethylhexylaluminum; tricycloalkylaluminum such
as tricyclohexylaluminum; and triarylaluminum such as triphenylaluminum, tritolylaluminum; dialkylaluminum
hydride such as diisobutylaluminum hydride; alkylaluminum alkoxide such as isobutylaluminum methoxide,
isobutylaluminum ethoxide, isobutylaluminum isopropoxide. Of the organoaluminum compounds exemplified
above, preferred are trialkylaluminum compounds having a branched alkyl, and particularly preferred are
triisobutylaluminum compounds.

The above-mentioned aluminoxane having at least ons hydrocarbon group other than n-alkyl group
bonded to the aluminum atom has a solubility in benzene kept at 23 C of at least 1 gram atom-All, and is
soluble in benzene.

The fourth olefin polymerization catalyst of the present invention is illustrated below.

This olefin polymerization catalyst comprises the above-mentioned organoaluminum oxy-compound {A]
having less than 10% in terms of Al atom of Al component dissolving in benzene kept at 60°C, the above
mentioned transition metal compound [B] containing a ligand having a cycloalkadieny! skeleton, the above-
mentioned organoaluminum compound [C). and an aluminoxane [D] having at least one hydrocarbon group
other than n-alkyl group bonded to the aluminum atom.

Polymerization of olefins

In the present invention, polymers are prepared by polymerizing or copolymerizing a-olefins with olefin
polymerization catalysts as mentioned above.

Olefins which can be polymerized by the use of the olefin polymerization catalysts of the present
invention include ethylene and a-olefins of 3 to 20 carbon atoms, for example, propylens, 1-butene, 1-
hexene, 4-methyl-1-pentene, 1-octene, 1-decens, 1-dodecens, 1-pentene, 1-tetradecene, 1-hexadecense, 1-
octadecense, 1-eicocene, cyclopentens, cycloheptene, norbornene, 5-methyl-2-norbornens,
tetracyclododecense, and 2-methyl-1 .4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene.

Furthermore, there may be also used styrene, vinylcyclohexane and diene.

In the present invention, polymerization may be carried out by liquid phase polymerization such as
solution polymerization and suspension polymerization, or by gas phase polymerization.

A temperature at which olefin is polymerized with such olefin polymerization catalysts as mentioned
above is usually from -50 to 200°C, preferably from O to 150 C. The polymerization is carried out usually
at a pressure in the range of from ordinary pressure to 98 bar (100 kg/cm?), preferably from ordinary
pressure to 49 bar (50 kg/cm?), and the polymerization reaction may be carried out by batch method, semi-
continuous method or continuous method. The polymerization can also be carried out under difterent
reaction conditions, dividing into two or more stages. A molecular weight of the resutting olefin polymers
may be regulated by making hydrogen present in the polymerization system or by varying the polymeriza-
tion temperature.

In the practice of polymerization of olefins with the above-mentioned first polymerization catalyst of the
present invention as mentioned above, it is desirable to use the benzene-insoluble organoaluminum oxy-
compound [A] in an amount of usually 10~¢ - 0.1 gram atom-AlA, pretferably 10~ - 102 gram atom Al/,
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and the transition metal compound {B) containing a ligand having a cycloalkadienyl skeleton in an amount
of usually 10~8 - 10~3 mol, preferably 107 - 10~* mol/.

Similarly, in the case of the second olefin polymerization catalyst of the invention, the benzene-insoluble
organoaluminum oxy-compound [A] is used in an amount of usually 10~¢ - 0.1 gram atom-AlA, preferably
10~5 - 10~2 gram atom-Al, the transition metal compound [B] containing a ligand having a cycloalkadienyl
skeloton in an amount of usually 10~ - 10~3 molA, preferably 10~7 - 10~ mol/, and the organoaluminum
compound [C}] in an amount of usually of 10~ - 0.1 mol, preferably 10~* - 102 molA. Furthermore, a ratio
(in terms of Al atom) of the benzene-insoluble organoaluminum oxy-compound([A] to the organoaluminum
compound [C] is desirably in the range of from 0.01 to 5, preferably from 0.02 to 2.

In the case of the third olefin polymerization catalyst of the invention, similarly, the benzene-insoluble
organoaluminum oxy-compound [A] is used in an amount of usually 10~% - 0.1 gram atom-Al/, preferably
10-5 - 102 gram atom-Al/, the transition metal compound [B] containing a ligand having a cycloalkadienyl
skeleton in an amount of usually 10~ - 10~2 molA, preferably 10-” - 10~* mol/, and the above-mentioned
aluminoxane [D] in an amount of usually 1075 - 0.1 gram atom-Al/, preferably 10™*-10"2 gram atom-Al/.
Furthermore, a ratio (in terms of Al atom) of the benzene-insoluble organoaluminum oxy-compound [A] to
the aluminoxane [D] is desirably in the range of from 0.01 to 5, preferably from 0.02 to 2.

Further, in the case of the fourth olefin polymerization catalyst of the invention, similarly, the benzene-
insoluble organoaluminum oxy-compound [A] is used in an amount of usually 10~¢ - 0.1 gram atom-Alf,
preferably 10~5 - 1072 gram atom-Al, the transition metal compound [B) containing a ligand having a
cycloalkadieny! skeleton in an amount of usually 108 -10~3 molA, preferably 1077 - 10~2 mol/, and the
organoaluminum compound [C] in an amount of usually 1075 - 0.1 molA, preferably 107* - 1072 molA.
Further, the aluminoxane [D] is desirably used in an amount of usually 10-5 - 0.1 gram atom-AlA, preferably
10—* - 10~2 gram atom-All. Furthermore, a ratio (in terms of Al atom) of the benzene-insoluble or-
ganoaluminum oxy-compound [A] to the organoaluminum compound [C] is desirably in the range of from
0.01 to 5, preferably from 0.02 to 2, and a ratio (in terms of Al atom) of the benzene-insoluble
organoaluminum oxy-compound [A] to the aluminoxane [D] is in the range of from 0.01 to 5, preferably from
0.02 to 2.

The olefin polymerization catalysts of the present invention have excellent polymerization activities. That
is, the olefin polymerization catalysts of the invention are capable of giving olefin polymers per unit weight
of the organoaluminum oxy-compound about 1.2-20 times the amount of the polymer obtained by the use
of known olefin polymerization catalysts composed of benzene-soluble aluminoxane and metallocene
compounds. Further, the olefin polymerization catalysts of the invention can give polymers having a high
molecular weight in comparison with those obtained with the known olefin polymerization catalysts
composed of benzene-soluble aluminoxane and metaliocene compounds.

Furthermore, olefin {co)polymers having a narrow molecular weight distribution and a narrow composi-
tion distribution may be obtained by copolymerizing olefins with the olefin polymerization catalysts of the
invention.

In the present invention, moreover, the olefin polymerization catalysts may contain also components
useful for olefin polymerization in addition to such components as mentioned hereinbefore.

The present invention is illustrated below with reference to examples, but it should be construed that
the invention is in no way limited to those examples.

Example 1

[Preparation of aluminoxane]

A 400 mi flask thoroughly purged with nitrogen was charged with 37 g of Al(SO4 )3 14H20 and 125 ml
of toluene, cooled to 0° C, and 500 mmoles of trimethylaluminum diluted with 125 mi of toluene was added
dropwise. The temperature of the flask was elevated to 40°C, and the reaction was continued at that
temperature for 10 hours. After the completion of the reaction, the reaction mixture was subjected to solid-
liquid separation by filtration, and the toluene was removed trom the filtrate, whereby 12 g of white solid
aluminoxane was obtained.

[Preparation of benzene-insoluble organoaluminum oxy-compound]
A 400 mi glass flask thoroughly purged with nitrogen was charged with 59.7 mi of toluene, 40.3 mi of a

solution of aluminoxane in toluene (Al 2.48 moles-Al) and 25 g of Teflon column (¢ 2 mm x 1.2 mm) as a
dispersing agent. Thereatter, the flask was cooled to -5°C, and gradually charged with 0.72 m! of water by
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means of a pipette. Successively, the reaction was carried out at -5° C for 40 minutes, the temperature was
then elevated up to 80°C over a period of 1 hour, and the reaction was continued at that temperature for 3
hours. After this 3-hour reaction, the Teflon columns were removed by screening from the reaction mixture,
and said reaction mixture was subjected to solid-liquid separation by filtration to obtain a benzene-insoluble
organoaluminum oxy-compound. A concentration of aluminum dissolved in the filtrate was measured,
whereby the measured concentration was less than the detection limit of 5 mg-AlA.

To a 200 mi reactor equipped with a stirrer were added 100 mg in terms of Al atom of the thus
obtained benzene-insoluble organocaluminum oxy-compound and 100 mi of benzene, and the mixture was
stirred at 60°C for 6 hours to prepare a suspension. With G5 glass filter equipped with a jacket, the
suspension was filtered, while maintaining silicone oil poured in the jacket at 60°C, and the compound on
glass filter was then washed with 50 m! of benzene kept at 60 * C four times. The filtrate was recovered, and
an amount of Al present in the filtrate was measured, whereby Al corresponding to 0.7 mmole was
detected. That is, it was considered that the amount of Al component of the above-mentioned or-
ganoaluminum oxy-compound which dissolves in benzene kept at 60°C is 0.7% in terms of Al atom.
Further, IR measurement of the solid organoaluminum oxy-compound obtained above was conducted,
whereby an absorption of Al-O-Al atom group was observed in the IR spectrum at 600-800 cm™', and a
(D1260/D1220) ratio of an absorbance (Di260) at 1260 cm™' to an absorbance (Di220) at 1220 cm™' was
0.053. Evolution of methane was observed when the solid organoaluminum oxy-compound was de-
composed with water.

[Polymerization]

A 2 liter stainless stesel autoclave thoroughly purged with nitrogen was charged with 900 m! of 4-methyl-
1-pentene, followed by rise in temperature up to 130°C. Into the autoclave were injected 1.14 ml of a
suspension of the benzene-insoluble organoaluminum oxy-compound prepared above in toluene (0.44 mole-
AlN) and 1 mi of a solution of bis(methyicyclopentadienyl)zirconium dichloride in toluene (0.001 mole-Zr/)
together with ethylene to initiate polymerization. The polymerization was carried out at the total pressure of
20 kg/cm?2-G and 140° C for 30 minutes while continuously feeding ethylene to the polymerization system,
whereby 12.0 g of an ethylene/4-methyi-1-pentene copolymer having an intrinsic viscosity [*] of 0.47 dl/ig as
measured at 135° C in decalin, a density of 0.908 g/cm? and Mw /Mn of 2.4 was obtained.

Comparative Example 1

The polymerization of Example 1 was carried out in the same manner as in Example 1 except that in
place of the benzene-insoluble organoaluminum oxy-compound, there was used the solution of the
aluminoxane in toluene prepared in Example 1 in an amount of 0.5 mg atom in terms of Al atom, whereby
8.4 g of an ethylene/4-methyi-1-pentene copolymer having an intrinsic viscosity [} of 0.41 dl/g, a density of
0.910 g/cm? and Mw /Mn of 2.5 was obtained.

Example 2
[Preparation of benzene-insoluble organoaluminum compound]

A 400 ml glass flask thoroughly purged with nitrogen was charged with 134 ml of toluene and 10.9 g of
Al2(SO4 )3+ 14H, O classified by a 32-mesh screen and left on the screen, and the contents of the flask were
brought to a state of suspension. Thereto was added at room temperature 100 mi of a solution of
aluminoxane prepared in the same manner as in Example 1 in toluene (2.34 moles-Alfl). Successively, the
temperature of the flask was elevated to 80°*C and stirred at that temperature for 7 hours. Thereafter, the
formed aluminum sulfate compound present in the reaction mixture was removed in a nitrogen atmosphere
by means of a 80-mesh screen, and the remaining reaction mixture was subjected to solid-liquid separation
by filtration to obtain a benzene-insoluble organoaluminum oxy-compound. A concentration of aluminum
dissolved in the filtrate was measured, whereby the aluminum concentration was less than the detection
limit of 5§ mg-Al/.

A solubility of the thus obtained organoaluminum oxy-compound in benzene kept at 60 * C as measured
in the same manner as in Example 1 was 0.3%.

Furthermore, a (Dy260/D1220) ratio of an absorbance (D1260) at 1260 cm™ to an absorbance (D1220) at
1220 cm™' was 0.067.
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[Polymerization]

The polymerization of Example 1 was repeated except that the benzene-insoluble organoaluminum oxy-
compound as prepared above was used, whereby 10.8 g of an eﬁnyl@e/{-_memyld-pentene copolymer
having an intrinsic viscosity [*) of 0.49 dl/g, a density of 0.807 g/cm? and Mw /Mn of 2.6 was obtained.

Example 3

[Preparation of benzene-insoluble organoaluminum oxy-compound]

A 400 ml glass flask thoroughly purged with nitrogen was charged with 32.8 m! of toluene and 0.78 g of
ground magnesium chloride hexahydrate, and the contents of the flask were slurried. Thereto was added at
room temperature 25 ml of a solution of the aluminoxane prepared in Example 1 in toluene (2.31 mole-All).
Thereafter, the temperature of the flask was elevated to 80 *C and stirred at that temperature for 7 hours.
After the 7-hour stirring, the reaction mixture was subjected to solid-liquid separation by filtration to obtain a
benzene-insoluble organoaluminum oxy-compound. A concentration of aluminum dissolved in the fiitrate
was measured, whereby the measured aluminum concentration was less than the detection limit (5 mg-Alf).

A solubility of the thus obtained organoaluminum oxy-compound in benzene kept at 60 *C as measured
in the same manner as in Example 1 was 0.3%.

[Polymerization]
The polymerization of Example 1 was repeated except that there was used the benzene-insoluble
organoaluminum oxy-compound as prepared above, whereby 11.3g of an ethylene/4-methyl-1-pentene

copolymer having an intrinsic viscosity [*] of 0.46 di/g, a density of 0.807 g/cm® and Mw /Mn of 2.5 was
obtained.

Examples 4-6

The polymerization of Example 1 was repeated except that each of transition metal compounds as
shown in Table 1 was used.
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Results obtained are shown in Table 1.
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Example 7

[polymerization}

A 2 liter stainless stesl autoclave thoroughly purged with nitrogen was charged with 800 m! of 4-methyl-
1-pentene, followed by rise in tempsrature up to 130°C. Into the autoclave were injected 1.14 ml of a
suspension of the benzene-insoluble organoaluminum oxy-compound prepared in Example 1 in toluene
(0.44 mole-AlN) and 2 mi of a solution of ethylenebis(indenyl)zirconium dichloride in toluene (0.0005 mole-
Zr) to initiate polymerization. The polymerization was carried out at the total pressure of 20 kg/cm?-G and
130 ° C for 30 minutes while continuously feeding ethylene thereto, whereby 26.1 g of an ethylene/4-methyl-
1-pentene copolymer having an intrinsic viscosity [*] of 0.48 dl/g as measured at 135°C in decalin, a
density of 0.895 g/cm?® and Mw /Mn of 2.4 was obtained.

Comparative Example 2

The polymerization of Example 7 was repeated except that in place of the benzene-insoluble or-
ganoaluminum oxy-compound, there was used a solution of the aluminoxane prepared in Example 1 in
toluene in an amount of 0.5 mg atom in terms of Al atom whereby 20.8 g of an ethylene/4-methyl-1-pentene
copolymer having an intrinsic viscosity [*] of 0.37 dl/g, a density of 0.897 g/cm?® and Mw /Mn of 2.4 was
obtained.

Example 8
[Polymerization)

The polymerization of Example 7 was repeated except that there was used the benzene-insoluble
organoaluminum oxy-compound prepared in Example 2, whereby 24.8 g of an ethylene/4-methyl-1-pentene
copolymer having an intrinsic viscosity ['] of 0.45 dI/g, a density of 0.893 g/cm® and Mw /Mn of 2.5 was
obtained.

Example 9

[Polymerization}

The polymerization of Example 7 was repeated except that there was used the benzene-insoluble
organoaluminum oxy-compound prepared in Example 3, whereby 25.6 g of an ethylene/4-methyl-1-pentene
copolymer having an intrinsic viscosity [*] of 0.46 dl/g, a density of 0.894 g/cm® and Mw /Mn of 2.3 was
obtained.

Example 10

[polymerization)

A 2 liter stainless stesel autoclave thoroughly purged with nitrogen was charged with 900 ml of 4-methyl-
1-pentene, followed by rise in temperature up to 50°C. To the autoclave were added 1 mi of a solution of
triisobutylaluminum in toluene (1 mole-AlN) and 0.22 mi of a suspension of the benzene-insoluble or-
ganoaluminum oxy-compound prepared in Example 1 in toluene (0.44 mole-Al1). The temperature was
further elevated up to 75°C, and 1 ml of a solution of bis(methylcyclopentadienyl)zirconium dichloride in
toluene (0.001 mole-Zrl) was injected, together with ethylene, into the autoclave to initiate polymerization.
The polymerization was carried out at the total pressure of 8 kg/cm2-G and 80 *C for 40 minutes, whereby
85.8 g of an ethylene/4-methyl-1-pentene copolymer having MFR of 1.03 g/10 min, a density of 0.884 g/cm?
and Mw /Mn of 2.1 was obtained.

Comparative Example 3

The polymerization of Example 10 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used the aluminoxane prepared in Example 1 in an amount of
0.1 mg atom in terms of Al atom, whereby 40.9 g of an ethylene/4-methyl-1-pentene copolymer having
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MFR of 0.82 g/10 min, a density of 0.887 g/cm? and Mw /Mn of 2.2 was obtained.

Comparative Example 4

The polymerization of Example 10 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used the aluminoxane prepared in Example 1 in an amount of
0.5 mg atomn in terms of Al atom, and no triisobutylaluminum was used, whereby 50.1 g of an ethylene/4-
methyl-1-pentene copolymer having MFR of 9.55 g/10 min, a density of 0.880 g/cm® and Mw /Mn of 2.2
was obtained.

Example 11
[Polymerization]

A 500 mi glass autoclave thoroughly purged with nitrogen was charged with 350 ml of toluene and 25
ml of 1-octene, followed by rise in temperature up to 65°C. Thereafter, ethylene gas was passed through
the autoclave at a rate of 120 I/hr, and thereto were added 0.5 mmole of triisobutylaluminum, 0.2 mg atom-
Al of the benzense-insoluble organoaluminum oxy-compound prepared in Example 2 and 0.002 mmole of
bis(cyclopentadienyl)zirconium dichloride in that order to initiate polymerization. The polymerization was
carried out at ordinary pressure and 70°C for 30 minutes while continuously feeding ethylene gas thereto,
whereby 14.9 g of an ethylene/i-octens copolymer having MFR of 3.90 g/10 min, a density of 0.902 g/cm3
and Mw /Mn of 2.4 was obtained.

Example 12
{Polymerization}]

The polymerization of Example 7 was repeated except that there was used the benzene-insoluble
organoaluminum oxy-compound prepared in Example 3, whereby 90.4g of an ethylene/4-methyl-1-pentene
copolymer having MFR of 1.68 g/10 min, a density of 0.887 g/cm?® and Mw /Mn of 2.1 was obtained.

Examples 13-17

The polymerization of Example 12 was repeated except that each of transition metal compounds and
organoaluminum compounds respectively shown in Table 2 was used.
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Results obtained are shown in Table 2.

1 wnujwnje JAXIYAYII-Z-14] 100°0 | UDMZ S(dD3N) L1
YA wnujwaje [AInQosi-Li], 1000 | UDIZ UDINW) 91

| woulwnie |4inqosi-1], 100°0 Uz Upuy) Sl

| waulwne  |Kinqosi-uy 1000 WLWIZ ) vl

| wnuwnie [K10qosi-1} 1000 | °  Uosz WD €1

I wnupwnge  [KIngosi-11 100'0 | Ud1z UdDIW) 1
(3jounu) pury (3joww) pury

punodwod wnununjeouedsQ punodwod [e)ow uonisues] sjdwexy

10

15

C Llqel

20
25
30

35

50

55

21



10

15

20

25

30

35

40

45

50

55

EP 0 363 029 B1

.
=
©
(=)
v}
=
2 =
2 - N 8 = o S
= N N N8 N 8 N £
S
g
2
0o &
> 2
> @ 2 8
= LI n v 0 0 O > e
- ggwa«a\www £
0 00 60 00 o0 60 -
] 53 g_:-
4 - | © © © o © <
R —~ - =
= = [-¥
S = O ..
S : $ 3
~ o |l v =~ n o ©
« =le o = S S W
Yy B-—-QV\—N—
o)
-
R
. a.
- E .
= 3
b [ )
-4 )
- BT O =
O Yio © &= o o wn z a
) oA O v 0o oo oo © 3
L ® £
1)
b E_
g >
S S
Y 0 ©
g N ¢ ¢ n O~ O =
E - @  eem e e e e
< et e
" a ©
w o =
Example 18
[polymerization}

A 2 liter stainless stes! autoclave thoroughly purged with nitrogen was charged with 900 mi of 4-methyl-
1-pentene, followed by rise in temperature up to 50°C. To the autoclave were added 0.22 mi of a
suspension of the benzene-insoluble organoaluminum oxy-compound prepared in Example 1 in toluene
{0.44 mole-Alf) and 1 ml of a solution of (i-Bu)2Al-0-Al(i-Bu). (1 mole-All). After elevating the temperature
to 75°C, 1 ml of a solution of bis(methylcyclopentadienyl)zirconium dichloride in toluene (0.001 mole-ZrA)
was injected, together with ethylens, into the autoclave to initiate polymerization. The polymerization was
carried out at the total pressure of 8 kg/cm?-G and 80 * C for 40 minutes while continuously feeding ethylene
thereto, whereby 83.9 g of an ethylene/4-methyl-1-pentens copolymer having MFR of 0.93 g/10 min, a
density of 0.883 g/cm?3 and Mw /Mn of 2.2 was obtained.
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Comparative Example 5§

The polymerization of Example 18 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used the aluminoxane prepared in Example 1 in an amount of
0.1 mg atom in terms of Al atom, whereby 43.2 g of an ethylene/4-methyl-1-pentene copolymer having
MFR of 0.78 g/10 min, a density of 0.888 g/cm? and Mw /Mn of 2.2 was obtained.

Comparative Example 6

The polymerization of Example 18 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used the aluminoxane prepared in Example 1 in an amount of
0.5 mg atom in terms of Al atom, and no (i-Bu)2Al-O-Al(i-Bu). was used, whereby 50.1 g of an ethylsne/4-
methyl-1-pentene copolymer having MFR of 9.55 g/10 min, a density of 0.890 g/cm® and Mw /Mn of 2.2
was obtained.

Example 19
[Polymerization]

A 500 mi glass autoclave thoroughly purged with nitrogen was charged with 350 mi of toluene and 25
mi of 1-octens, followed by rise in temperature up to 65 C. Thereafter, ethylene gas was passed through
the autoclave at a rate of 120 Vhr, and thereto were added 0.5 mmole of (i-Bu)2AlOMe, 0.2 mg atom-Al of
the benzene-insoluble organoaluminum oxy-compound prepared in Example 2 and 0.002 mmole of bis-
(cyclopentadienyl)zirconium dichloride in that order to initiate polymerization. The polymerization was
carried out at ordinary pressure and 70° C for 30 minutes while continuously feeding ethylens gas thereto,
whereby 11.5 g of an ethylene/1-octene copolymer having MFR of 5.12 g/10 min, a density of 0.806 g/cm?3
and Mw /Mn of 2.3 was obtained.

Example 20
[Polymerization]

The polymerization of Example 18 was repeated except that there was used the benzene-insoluble
organoaluminum oxy-compound prepared in Example 3, whereby 95.4 g of an ethylene/4-methyl-1-pentene
copolymer having MFR of 1.51 g/10 min, a density of 0.885 g/cm® and Mw /Mn of 2.1 was obtained.

Examples 21-24

The polymerization of Example 20 was repeated except that each of transition metal compounds and
organoaluminum compounds respectively shown in Table 3 was used.
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Results obtained are shown in Table 3.
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Example 25
[polymerization]

A 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged with 600 ml of toluene
and 300 ml of 4-methyi-1-pentene, followed by rise in temperature up to S0°C. To the autoclave were
added 0.11 m! of a suspension of the benzene-insoluble organoaluminum oxy-compound prepared in
Example 1 in toluene (0.44 mole-All) and 1 mi of a solution of triisobutylaluminum in toluene (1 mole-Alf).
After elevating further the temperature to 75°C, 0.3 mi of a solution of ethylenebis(indenyl)zirconium
dichloride in toluene (0.0005 mole-2rA) was injected, together with ethylene, into the autoclave to initiate
polymerization. The polymerization was carried out at the tota! pressure of 8 kg/cm2-G and 80°C for 40
minutes while continuously feeding ethylene thereto, whereby 98.9 g of an ethylene/4-methyi-1-pentene
copolymer having MFR of 14.0 g/10 min, a density of 0.898 g/cm? and Mw /Mn of 2.3 was obtained.

Comparative Example 7

The polymerization of Example 25 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used the aluminoxane prepared in Example 1 in an amount of
0.05 mg atom in terms of Al atom, whereby 55.1g of an ethylene/4-methyl-1-pentens copolymer having
MFR of .73 g/10 min, a density of 0.905 g/cm3 and Mw /Mn of 2.3 was obtained.

Comparative Example 8

The polymerization of Example 25 was repeated except that in place of the benzens-insoluble
organoaluminum oxy-compound, there was used the aluminoxane prepared in Example 1 in an amount of
0.5 mg atom in terms of Al atom, and no triisobutylaluminum was used, whereby 62.8 g of an ethylene/4-
methyl-1-pentene copolymer having MFR of 35.6 g/10 min, a density of 0.897 g/cm? and Mw /Mn of 2.2
was obtained.

Example 26

[Polymerization]

A 500 mi glass autoclave thoroughly purged with nitrogen was charged with 250 mi of toluene and
elevated in temperature up to 65°C while passing therethrough propylene gas. Thereafter, 0.5 mmole of
triisobutylaluminum, 0.5 mg atom in terms of aluminum atom of the benzene-insoluble organoaluminum
oxy-compound prepared in Example 2 and 0.005 mmole of ethylenebis(indenyl)zirconium dichloride were
successively added to the autoclave to initiate polymerization. The polymerization was carried out at
ordinary pressure and 70° C for 1 hour while continuously feeding propylene gas thereto, whereby 16.9 g of
isotactic polypropylene having an intrinsic viscosity [*} of 0.28 dl/g as measured at 135°C in decalin and
Mw /Mn of 1.9 was obtained.

Comparative Example 9

The polymerization of Example 26 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used a solution of the aluminoxane prepared in Example 1 in
toluene in an amount of 2.5 mg atom in terms of aluminum atom, and no triisobutylaluminum was used,
whereby 12.0 g of isotactic polypropylene having an intrinsic viscosity [*} of 0.14 dl/g and Mw /Mn of 1.9
was obtained.

Example 27
[Poiymerization]

The polymerization of Example 25 was repeated except that the amount of triisobutylaluminum used
was changed to 0.25 mmole, and the benzene-insoluble organoaluminum oxy-compound prepared in

Example 3 was used in an amount of 0.05 mg atom in terms of aluminum atom, whereby 93.3g of an
ethylene/d-methyl-1-pentene copolymer having MFR of 11.5 g/10 min, a density of 0.900 g/cm® and Mw
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/Mn of 2.3 was obtained.
Example 28

The polymerization of Example 27 was repeated except that in place of the 4-methyl-1-pentense, 1-
octene was used, and the amount of the ethylenebis(indenyl)zirconium dichloride and triisobutylaluminum
used were changed to 7 x 10™® mole and 1 mmole, respectively, whereby 70.8 g of an ethylene/1-octene
copolymer having MFR of 8.94 g/10 min, a density of 0.896 g/cm? and Mw /Mn of 2.2 was obtained.

Example 29

The polymerization of Example 27 was repeated except that in place of the triisobutylaluminum, 0.5
mmole of tri-2-ethythexylaluminum was used, whereby 80.5 g of an ethylene/4-methyl-1-pentene copolymer
having MFR of 12.1 g/10 min, a density of 0.900 g/cm3 and Mw /Mn of 2.4 was obtained.

Example 30

[polymerization}

A 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged with 600 ml of toluene
and 300 m! of 4-methyl-1-pentene, followed by rise in temperature up to 50°C. To the autoclave were
added 0.11 ml of a suspension of the benzene-insoluble organoaluminum oxy-compound prepared in
Example 1 in toluene (0.44 mole-All) and 1 ml of a solution of (i-Bu), Al-O-Al(i-Bu). in toluene (1 mole-Alf).
Atfter elevating the temperature to 75°C, 0.3 ml of a solution of ethylenebis(indeny!)zirconium dichloride in
toluene (0.0005 mole-Zr/l) was injected, together with ethylens, into the autoclave to initiate polymerization.
The polymerization was carried out at the total pressure of 8 kg/cm?-G and 80°C for 40 minutes while
continuously feeding ethylene thereto, whereby 101.2 g of an ethylene/4-methyl-1-pentene copolymer
having MFR of 14.6 g/10 min, a density of 0.899 g/cm? and Mw /Mn of 2.2 was obtained.

Comparative Example 10

The polymerization of Example 30 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used the aluminoxane prepared in Example 1 in an amount of
0.05 mg atom in terms of Al atom, whereby 53.9 g of an ethylene/4-methyl-1-pentene copolymer having
MFR of 10.6 g/10 min, a density of 0.904 g/cm? and Mw /Mn of 2.3 was obtained.

Comparative Example 11

The polymerization of Example 30 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used a solution of the aluminoxane prepared in Example 1 in
toluene in an amount of 0.5 mg atom in terms of Al atom, and no (i-Bu) Al-O-Al(i-Bu), was used, whereby
62.8 g of an ethylene/4-methyl-1-pentens copolymer having MFR of 35.6 g/10 min, a density of 0.897 g/cm?
and Mw /Mn of 2.2 was obtained.

Example 31
[Polymerization]

A 500 ml glass autoclave thoroughly purged with nitrogen was charged with 250 ml of toluene, followed
by rise in temperature up to 65°C while passing propylene gas therethrough. Thereafter, 0.5 mg atom in
terms of aluminum atom of (i-Bu)zAl-O-Al(i-Bu), 0.5 mg atom in terms of aluminum atom of the benzene-
insoluble organoaluminum oxy-compound prepared in Example 2 and 0.005 mmole of ethylenebis(indenyl)-
zirconium dichloride were successively added to the autoclave to initiate polymerization. The polymerization
was carried out at ordinary pressure and 70° C for 1 hour while continuously feeding propylene gas thereto,
whereby 17.5 g of isotactic polypropylene having an intrinsic viscosity [*) of 0.30 dl/lg as measured at
135°C in decalin and Mw /Mn of 2.0 was obtained.

26



10

15

20

25

30

35

45

50

55

EP 0 363 029 B1

Comparative Example 12

The polymerization of Example 31 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 2.5 mg atom in terms of aluminum atom of the aluminox-
ane prepared in Example 1, and no (i-Bu);Al-O-Al(i-Bu),was used, whereby 12.0 g of isotactic poly-
propylene having an intrinsic viscosity [*} of 0.14 dlig and Mw /Mn of 1.9 was obtained.

Example 32
[Polymerization]

The polymerization of Example 30 was repeated except that the amount of (i-Bu), Al-O-Al(i-Bu), used
was changed to 0.25 mg atom in terms of aluminum atom and the amount of the benzene-insoluble
organoaluminum oxy-compound prepared in Example 3 used was changed to 0.05 mg atom in terms of
aluminum atom, whereby 95.6 g of an ethylene/d-methyl-1-pentene copolymer having MFR of 10.0 g/10
min, a density of 0.899 g/cm3 and Mw /Mn of 2.2 was obtained.

Example 33

The polymerization of Example 32 was repeated except that in place of the 4-methyl-1-pentens, there
was used 1-octene, and the amounts of ethylenebis(indenyl)zirconium dichioride and (i-Bu), Al-O-Al(i-Bu).
used were 7 x 1078 mole and 1 mg atom in terms of aluminum atom, respectively, whereby 78.1g of an
ethylene/1-octene copolymer having MFR of 9.22 g/10 min, a density of 0.894 g/cm? and Mw /Mn of 2.2
was obtained.

Example 34

The polymerization of Example 32 was repeated except that in place of the (i-Bu);Al-O-Al(i-Bu). there
was used 2.0 mmoles of (i-Bu).AlOMe, whereby 71.6 6 g of an ethylene/4-methyl-1-pentenecopolymer having
MFR of 18.0 g/10 min, a density of 0.802 g/cm? and Mw /Mn of 2.3 was obtained.

Example 35

[Polymerization]

A 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged with 800 mi of 4-methyl-
1-pentene, followed by rise in temperature up to 50°C. To the autoclave were added 0.22 mi of a
suspension of the benzene-insoluble organoaluminum oxy-compound prepared in Example 1 in toluene
(0.44 mole-AlN) and 1 mi of a solution of an aluminoxane having at least one hydrocarbon group other than
n-alkyl group bonded to the aluminum atom, i.e.

i-IBu
(i-Bu)2A1-(0-Al)2-0-Al(i-Bu)z

in toluene (1 mole-Alll). After elevating the temperature to 75°C, 1 ml of a solution of bis-
(methylicyclopentadienyl)zirconium dichloride in toluene (0.001 mole-Zr/l) was injected, together with eth-
ylene, into the autoclave to initiate polymerization. The polymerization was carried out at the total pressure
of 8 kg/lcm2-G and 80" C for 40 minutes while continuously feeding ethylene thereto, whereby 82.6 g of an
ethylene/4-methy!-1-pentene copolymer having MFR of 1.10 g/10 min, a density of 0.887 g/cm3 and Mw
/Mn of 2.3 was obtained.

Comparative Example 13

The polymerization of Example 35 was repeated except that in place of the benzens-insoluble
organoaluminum oxy-compound, there was used 0.1 mg atom in terms of Al atom of the aluminoxane
prepared in Example 1, whereby 41.0 g of an ethylene/4-methyl-1-pentene copolymer having MFR of 0.85
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/10 min, a density of 0.891 g/cm3 and Mw /Mn of 2.2 was obtained.

Comparative Example 14

The polymerization of Example 35 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 0.5 mg atom in terms of Al atom of the aluminoxane
prepared in Exampie 1, and no

i'?u
(i-Bu)2A1-(0-Al)2-0-Al(i-Bu);
was used, whereby 50.1 g of an ethylene/d-methyl-1-pentene copolymer having MFR of 9.55 g/10 min, a
density of 0.880 g/cm?® and Mw /Mn of 2.2 was obtained.
Example 36
[Polymerization)
A 500 ml glass autoclave thoroughly purged with nitrogen was charged with 350 ml of toluene and 25

ml of 1-octens, followed by rise in temperature up to 65 C. Thereafter, ethylene gas was passed at a rate
of 120 I/hr therethrough, and 0.5 mg atom-Al of

i-?u
(i-Bu)2Al-(0-Al)2-0-Al(i-Bu)3,
0.2 mg atom-Al of the benzene-insoluble organoaluminum oxy-compound prepared in Example 2 and 0.002
mmole of bis(cyclopentadienyl)zirconium dichloride were successively added to the autoclave to initiate
polymerization. The polymerization was carried out at 70°C for 30 minutes while continuously feeding

ethylene gas thereto, whereby 13.5 g of an ethylene/1-octene copolymer having MFR of 4.20 g/10 min, a
density of 0.804 g/cm3 and Mw /Mn of 2.3 was obtained.

Example 37
[Polymerization]

The polymerization of Example 35 was repeated except that there was used the benzene-insoluble
organoaluminum oxy-compound prepared in Example 3, whereby 82.3 g of an ethylene/4-methyl-1-pentene
copolymer having MFR of 1.05 g/10 min, a density of 0.888 g/cm3 and Mw /Mn of 2.3 was obtained.
Examples 38-42

The polymerization of Example 35 was repeated except that each of transition metal compounds and
organoaluminum compounds respectively shown in Table 4 was used to obtain results as shown in Table 4.
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Example 43

[Polymerization]

A 2 liter stainless stesl autoclave thoroughly purged with nitrogen was charged with 600 ml of toluene
and 300 m! of 4-methyl-1-pentens, followed by rise in temperature up to 50°C. To the autoclave were
added 0.11 mi of a suspension of the benzene-insoluble organoaluminum oxy-compound prepared in
Example 1 in toluene (0.44 mole-All) and 1 ml of a solution of an aluminoxane having at least one
hydrocarbon group other than n-alkyl group bonded to the aluminum atom,

i.e.

(i-Bu)zAl-(0-~4|6§l)z-0-Al(i-Bu)z
i-Bu

in toluene (1 mole-Alf).

After elevating the temperature to 75°C, 0.3 mi of a solution of ethylenebis(indenyl)zirconium dichloride in
toluene (0.0005 mole-Zr/l) was injected, together with ethylens, into the autoclave to initiate polymerization.
The polymerization was carried out at the total pressure of 8 kg/cm?-G and 80°C for 40 minutes while
continuously fesding ethylene thereto, whereby 89.5 g of an ethylene/4-methyl-1-pentene copolymer having
MFR of 9.08 g/10 min, a density of 0.800 g/cm? and Mw /Mn of 2.4 was obtained.

Comparative Example 15

The polymerization of Example 43 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 0.05 mg atom in terms of Al atom of the aluminoxane
prepared in Example 1, whereby 50.2 g of an ethylene/4-methyl-1-pentene copolymer having MFR of 7.55
g/10 min, a density of 0.905 gicm® and Mw /Mn of 2.3 was obtained.

Comparative Example 16

The polymerization of Example 43 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 0.5 mg atom in terms of Al atom of the aluminoxane
prepared in Example 1, and no

i-Bu
|
(i-Bu)2A1-(0-A1)2-0-Al(i-Bu)2

was used, whereby 62.8 g of an_ethylene/4-methyl-1-pemene copolymer having MFR of 35.6 g/10 min, a
density of 0.897 g/cm? and Mw /Mn of 2.2 was obtained.
Example 44
[Polymerization]

A 500 mi glass autociave thoroughly purged with nitrogen was charged with 250 mi of toluene and

elevated in temperature up to 65°C while passing propylene gas thersthrough. Thereatter, 0.5 mg atom-Al
in terms of aluminum atom of,

i-?u‘
’ (i-Bu)zAl-(O-Al)z-O-Al(i-Bu)z,
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0.5 mg atom in terms of aluminum atom of the benzene-insoluble organoaluminum oxy-compound prepared
in Example 2 and 0.005 mmole of ethylenebis(indenyl)zirconium dichloride were successively added to the
autoclave to initiate polymerization. The polymerization was carried out at 70°C for 1 hour while continu-
ously feeding propylene gas thereto, whereby 15.7 g of isotactic polypropylene having an intrinsic viscosity
[*] of 0.27 dl/g as measured at 135 ° C in decalin and Mw /Mn of 1.9 was obtained.

Comparative Example 17

The polymerization of Example 44 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 2.5 mg atom in terms of aluminum atom of the aluminox-
ane prepared in Example 1, and no

i-lIBu
(i-Bu)2A1-(0-Al)2-0-Al(i-Bu)2

was used, whereby 12.0 g of isotactic polypropylene having an intrinsic viscosity [*] of 0.14 dl/g and Mw
/Mn of 1.9 was obtained.

Example 45
[Polymerization]
The polymerization of Example 43 was repeated except that the amount of
i-‘Bu
(i-Bu)2Al1-(0-Al)2-0-Al(i-Bu)2

used was changed to 0.5 mg atom-Al, and there was used 0.05 mg atom-Al of the benzene-insoluble
organoaluminum oxy-compound prepared in Example 3, whereby 88.2 g of an ethylene/4-methyl-1-pentene
copolymer having MFR of 12.2 g/10 min, a density of 0.801 g/cm3 and Mw /Mn of 2.3 was obtained.
Example 46

The polymerization of Example 45 was repeated except that in place of the 4-methyl-1-pentene, there
was used 1-octene, and 7 x 10~8 mole of ethylenebis(indenyl)zirconium dichloride and 1 mg atom-Al of

i-l|3u
(i-Bu);A1-(0-Al)2-0O-Al(i-Bu)2

was used, whereby 74.4 g of an ethylene/1-octene copolymer having MFR of 103 g/10 min, a density of
0.895 g/cm?® and Mw /Mn of 2.3 was obtained.

Example 47

The polymerization of Example 45 was repeated except that in place of the

i-1|3u
(i-Bu)2Al1-(0-Al)2-0-Al(i-Bu)a,
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there was used 1.0 mg atom-Al of isobutylaluminoxane (molecular weight 1080 measured by cryoscopic
methed), whereby 84.2 g of an __ethylene/4-methyl-1~pentene copolymer having MFR of 12.5 g/10 min, a
density of 0.899 g/cm® and Mw /Mn of 2.4 was obtained.

Example 48
[Polymerization)

A 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged with 900 ml of 4-methyl-
1-pentens, followed by rise in temperature up to 50°C. To the autoclave were added 0.22 mil of a
suspension of the benzene-insoluble organoaluminum oxy-compound prepared in Example 1 in toluene
(0.44 mole-Al1), 0.5 ml of a solution of an aluminoxane having at least one hydrocarbon group other than n-
alky! group bonded to the aluminum atom,

i.e.

(i-Bu)zAl-(O-zlﬂl)z-O-Al(i-Bu)z
i-Bu

in toluens (1 mole-AlN) and 0.5 ml of a polution of triisobutyl aluminum in toluene (1 mole-AlN). Atter
elevating the temperature to 75°C, 1 ml of a solution of bis(methylcyclopentadienyl) zirconium dichloride in
toluene (0.001 mole-Zr/l) was injected, together with ethylene, into the autoclave to initiate polymerization.
The polymerization was carried out at the total pressure of 8 kg/cm®G and 80°C for 40 minutes while
continuously feeding ethylene thereto, whereby 84.0 g of an ethylene/4-methyl-1-pentene copolymer having
MFR of 0.95 g/10 min, a density of 0.886 g/cm3 and Mw /Mn of 2.3 was obtained.

Comparative Example 18

The polymerization of Example 48 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 0.1 mg atom in terms of Al atom of the aluminoxane
prepared in Example 1, whereby 42.1 g of an ethylens/4-methyl-1-pentene copolymer having MFR of 0.88
9/10 min, a density of 0.890 g/cm? and Mw /Mn of 2.3 was obtained.

Comparative Example 19

The polymerization of Example 48 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 0.5 mg atom in terms of Al atom of the aluminoxane
prepared in Example 1, and no

i-Bu
(i-Bu)2A1-(0-Al)2-0O-Al(i-Bu);
and triisobutyl aluminum were used, whereby 50.1 g9 of an ethylene/4-methyl-1-pentene copolymer having
MFR of 9.55 g/10 min, a density of 0.890 g/cm?® and Mw /Mn of 2.2 was obtained.
Example 49
[Polymerization]
A 500 mi glass autoclave thoroughly purged with nitrogen was charged with 350 mi of toluene and 25

ml of 1-octene and elevated in temperature up to 65°C. Thereafter, while passing ethylene gas thereth-
rough, 0.4 mg atom-Al in terms of aluminum atom of,
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i-?u
(i-Bu)2Al-(0-Al)2-0O-Al(i-Bu),,

0.1 mg atom in terms of aluminum atom of (i-Bu)2AlOMe, 0.2 mg atom in terms of aluminum atom of the
benzene-insoluble organoaluminum oxy-compound prepared in Example 2 and 0.002 mmole of bis-
(cyclopentadienyl)zirconium dichloride were successively added to the autoclave to initiate polymerization.
The polymerization was carried out at 70 C for 30 minutes while continuously feeding ethylene gas thereto,
whereby 11.6 g of ethylene/1-octene copolymer having MFR of 4.56 g/10 min, a density of 0.804 g/cm3 and
Mw /Mn of 2.3 was obtained.

Example 50

[Polymerization}

The polymerization of Example 48 was repeated except that in place of the benzense-insoluble
organoaluminum oxy-compound prepared in Example 1, there was used 0.05 mg atom-Al of the benzene-
insoluble organoaluminum oxy-compound prepared in Example 3, whereby 80.8 g of an ethylene/4-methyl-
1-pentene copolymer having. MFR of 1.13 g/10 min, a density of 0.887 g/cm® and Mw /Mn of 2.2 was
obtained.

Example 51
[Polymerization}

A 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged with 600 m! of toluene
and 300 ml of 4-methyl-1-pentene, followed by rise in temperature up to 50°C. To the autoclave were
added 0.11 ml of a suspension of the benzene-insoluble organoaluminum oxy-compound prepared in
Example 1 in toluene (0.44 mole-All), 0.5 ml of a solution of triisobuty! aluminum in toluene(1 mole-Al/l) and
0.5 mi of a solution of an aluminoxane having at least one hydrocarbon group other than n-alkyl group
bonded to the aluminum atom,

i.e.

(i-Bu)zAl-(O-f\l)z-O-Al(i-Bu)z
i-Bu

in toluene (1 mole-Al/).

After elevating the temperature to 75°C, 0.3 ml of a solution of ethylenebis(indenyl)zirconium dichloride in
toluene (0.0005 mole-Zr/l) was injected, together with ethylene, into the autoclave to initiate polymerization.
The polymerization was carried out at the total pressure of 8 kg/cm2-G and 80°C for 40 minutes while
continuously feeding ethylene thereto, whereby 95.5 g of an ethylene/4-methyl-1-pentene copolymer having
MFR of 15.2 g/10 min, a density of 0.899 g/cm? and Mw /Mn of 2.3 was obtained.

Comparative Example 20

The polymerization of Example 51 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 0.05 mg atom in terms of Al atom of the aluminoxane
prepared in Example 1, whereby 53.9 g of an ethylene/4-methyl-1-pentene copolymer having MFR of 10.2
g/10 min, a density of 0.906 g/cm? and Mw /Mn of 2.4 was obtained.

Comparative Example 21

The polymerization of Example 51 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 0.5 mg atom in terms of Al atom of the aluminoxane
prepared in Example 1, and no triisobutyl aluminum and
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i-?u
(i-Bu)2A1-(0-Al)2-0-Al(i-Bu)2

were used, whereby 62.8 g of an ethylene/4-methyl-1-pentene copolymer having MFR of 35.6 g/10 min, a
density of 0.897 g/cm3 and Mw /Mn of 2.2 was obtained.

Example 52
[Polymerization]
A 500 ml glass autoclave thoroughly purged with nitrogen was charged with 250 mi of toluene and

elevated in temperature up to 65 ° C while passing propylene gas therethrough. Thereafter, 0.2 mg atom-Al
in terms of aluminum atom of,

i-l'Bu
(i-Bu)2A1-(0-Al)2-O-Al(i-Bu)z,

0.3 mg atom-Al in terms of aluminum atom of (i-Bu):Al-O-Al(i-Bu), and 0.5 mg atom in terms of aluminum
atom of the benzene-insoluble organoaluminum oxy-compound prepared in Example 2 and 0.005 mmole of
ethylenebis(indenyl)zirconium dichloride were successively added to the autoclave to initiate polymerization.
The polymerization was carried out at 70°C for 1 hour while continuously feeding propylene gas thereto,
whereby 16.2 g of isotactic polypropylene having an intrinsic viscosity [*] of 0.29 dl/g as measured at
135°C in decalin and Mw /Mn of 2.1 was obtained.

Comparative Example 22

The polymerization of Example 52 was repeated except that in place of the benzene-insoluble
organoaluminum oxy-compound, there was used 2.5 mg atom in terms of aluminum atom of the aluminox-
ane prepared in Example 1, and no

i-?u'
(i-Bu);Al1-(0-Al);-0O-Al(i-Bu);

and (i-Bu)2Al-O-Al(i-Bu)2_were used, whereby 12.0 g of isotactic poly.propylene having an intrinsic viscosity
[*] of 0.14 di/g and Mw /Mn of 1.9 was obtained.

Clalms

1. An olefin polymerization catalyst component comprising an organoaluminum oxy-compound having

(a) less than 10% in terms of Al atom of an Al component dissolving in benzene kept at 60°C,
wherein the solubility in benzene of the organcaluminum oxy-compound is determined by suspend-
ing said organoaluminum oxy-compound in 100 mi of benzene in an amount corresponding to 100
mg atoms in terms of Al atom, mixing the resulting suspension at 60C for 6 hours, filtering the
resulting mixture using a G.5 glass filter equipped with a jacket kept at 60° C, and washing the solids
portion separated on the filter four times with 50 mi of benzene at 60° C to measure the amount of
Al atoms present in the whole filtrate; and

(b) a ratio (D12s0/D1220) of an absorbance (Dizs0) at 1260 cm ~' to an absorbance (Di220) at
1220cm™", both obtained by infrared spectrophotometry, of less than 0.09/1.



10

15

20

25

30

35

50

4.

10.

EP 0 363 029 B1

A catalyst component according to claim 1 wherein (a) less than 2% in terms of Al atoms of the Al
component dissolves in benzene kept at 60°C.

A catalyst component according to claim 1 or 2 wherein (b) the ratio (D12¢0/D1220 is from 0.04 to 0.07.

An olefin polymerization catalyst comprising
[A] an organoaluminum oxy-compound as claimed in claim 1, 2 or 3 and
[B] a transition metal compound containing a ligand having a cycloalkadieny! skeleton.

A catalyst according to claim 4 wherein the transition metal compound [B) is a transition metal
compound containing at least two ligands having a cycloalkadienyl skeleton, said ligands being bonded
together through lower alkylene groups.

A catalyst according to claim 4 or 5 further comprising
[C] an organoaluminum compound.

A catalyst according to claim 6 wherein the organoaluminum compound [C] is an organoaluminum
compound represented by the formula RS ,AlX3-m wherein R® is hydrocarbon of 1-12 carbon atoms, X
is halogen and m is 1-3, or by the formula R,AlY;_, wherein RS is as defined above, Y is hydrogen,
-OR’, -OSiR%;, -OAIR?,,

-NA1R'Y,,

R11

-NR'?; or -SiR'3;, n is 1-2 and R’-R'3, which may be the same or different, are each hydrogen, halogen
or hydrocarbon.

A catalyst according to claim 4, § or 6 further comprising
[D] an aluminoxane having at ieast one hydrocarbon group other than n-alkyl group bonded to the
aluminum atom.

A catalyst according to claim 8 wherein in [D] the hydrocarbon group other than n-alkyl group is
branched chain alkyl, cycloalkyl or aryl.

A process for preparing an olefin polymer which comprises polymerizing or copolymerizing olefins in
the presence of an olefin polymerization catalyst as claimed in any one of cl_aims 4t09.

Patentanspriiche

1.

2.

Olefinpolymerisations-Katalysatorkomponente, umfassend eine Organoaluminium-Oxyverbindung mit
(a) weniger als 10 %, bezogen auf die Al-Atome, einer Al-Komponente, geldst in auf 60°C
gehaltenem Benzol, wobei die L&slichkeit der Organoaluminium-Oxyverbindung in Benzol durch
Suspendieren der Organoaluminium-Oxyverbindung in 100 ml Benzol in einer Menge, die 100
Milligrammatomen, bezogen auf die Al-Atome, entspricht, Mischen der resultierenden Suspension
bei 60° C wlhrend 6 Stunden. Filtern der resultierenden Mischung unter Anwendung eines mit einer
Ummantelung ausgestatteten, auf 60°*C gehaltenen G5-Glasfilters und 4maliges Waschen des auf
dem Filter abgetrennten Feststoffteils mit 50 m! Benzol bei 60 ° C bestimmt wird, um die Menge der
im gesamten Filtrat vorliegenenden Ai-Atome zu bestimmen;
und
(b) einem Verhilitnis (Di260/D1220) der Absorption (Di260) bei 1260 cm™' zu einer Absorption
(D1220) bei 1220 cm™?, beide durch IR-Spektrophotometrie erhalten, von weniger als 0,09/1.

Katalysatorkomponente gemaB Anspruch 1, wobei (a) weniger als 2 %, bezogen auf die Al-Atome, der
Al-Komponente in auf 60 * C gehaltenem Benzol 13st.
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Katalysatorkomponente gem48 Anspruch 1 oder 2, worin (b), das Verh#itnis (D1zs0/D1220). von 0,04 bis
0,07 betriigt.

Olefinpolymerisationskatalysator, umfassend
[A] eine Organoaluminium-Oxyverbindung gem&8 Anspruch 1, 2 oder 3 und
{B] eine Ubergangsmetallverbindung, die sinen Liganden mit einem Cycloalkadienyl-Gerlist enthilt.

Katalysator gem#B Anspruch 4, worin die Ubergangsmetallverbindung [B] eine Ubergangsmetallverbin-
dung ist, weiche mindestens zwei Liganden mit einem Cycloalkadienyi-Gerlist enth#lt, wobei die
Liganden durch niedere Alkylengruppen miteinander verbunden sind.

Katalysator gem#dB Anspruch 4 oder 5, umfassend ferner
[C] eine Organoaluminiumverbindung.

Katalysator gem&B Anspruch 6, worin die Organoaluminiumverbindung [C] eine Organoaluminiumver-
bindung der Formel R® ,AlX3-m, worin R® ein Kohlenwasserstoff mit 1 - 12 Kohlenstoffatomen ist, X ein
Halogen bedeutet und m fiir 1 - 3 steht, oder der Formel RS ,AlY;_, ist, worin R® wie oben dsfiniert ist,
Y Wasserstoff, -OR’, -0OSiR®%3, -OAIR?2,

- NAIRY
| .
R”

-NR'%, oder -SiR'; bedeutet, n flir 1 - 2 steht und R” - R'3, welche gleich oder verschieden sein
kdnnen, jeweils Wasserstoff, ein Halogen oder ein Kohlenwasserstoff ist.

Katalysator gem@B Anspruch 4, 5 oder 6, ferner umfassend
[D] ein Aluminoxan mit mindestens einer Kohlenwasserstoffgruppe auBer einer n-Alkylgruppe, die
am Aluminiumatom gebunden ist.

Katalysator gemaB Anspruch 8, worin in [D) die Kohlenwasserstoffgruppe, die keine n-Alkylgruppe ist,
ein verzweigtkettiges Alkyl, Cycloalkyl oder Aryl ist.

Verfahren zur Herstellung eines Olefinpolymeren, welches die Polymerisation oder Copolymerisation
von Olefinen in Gegenwart eines Olefinpolymerisationskatalysators gem#B mindestens einem der
Anspriiche 4 bis 9 umfaBt.

Revendications

1.

2.

Composant de catalyseur de polymérisation d'oléfines comprenant un composé oxy-organoaluminique

ayant
(a) moins de 10 %, exprimé en atomes d'aluminium, d'un composant d'aluminium se dissolvant
dans du benzéne maintenu & 60 *C, dans lequel la solubilité du composé oxy-organoaluminique est
déterminés en mettant en suspension ledit composé oxy-organoaluminique dans 100 ml de
benzéne, & raison de 100 mg d'atomes d'aluminium, en agitant la suspension résuitante 2 60 *C
pendant 6 heures, en filtrant le mélange résultant, utilisant un filtre en verte G5 équipé d'une
chemise maintenue 3 60 °C, et en lavant 4 fois les parties solides séparés sur le filtre avec 50 ml
de benzeéne 4 60 *C, afin de mesurer la quantité d'atomes Al présents dans la totalité du filtrat, et
(b) un rapport (D1260/D1220) de I'absorbance (D1260) 2 1260 cm™' 2 I'absorbance (D1220) & 1220
cm™', les deux obtenues par spectrophotométrie infrarouge, inférieur 2 0,09/1.

Composant de catalyseur conforme 2 la revendication 1, dans lequel (a) moins de 2 % en termes

d'atomes d'aluminium du composant contenant de I'aluminium se dissolvent dans du benz&ne mainte-
nua6o °C.

36



10

15

20

25

30

35

45

50

55

10.

EP 0 363 029 B1

Composant de catalyseur conforme 2 la revendication 1 ou 2, dans lequel (b} te rapport (D12¢0/D1220)
est compris entre 0,04 et 0,07.

Catalyseur de polymérisation d'oléfines comprenant
[A) un composés oxy-organoaluminique conforme 2 la revendication 1, 2 ou 3 et
[B] un composé de métal de transition contenant un ligand ayant une structure de base de type
cycloalcadiényle.

Catalyseur conforme 2 la revendication 4, dans leque! le composé de métal de transition [B] est un
composé de métal de transition contenant au moins deux ligands ayant une structure de base de type
cycloalcadiényle, lesdits ligands étant liés ensemble par des groupes alkykéne intérieurs.

Catalyseur conforme 2 la revendication 4 ou 5, comprenant en outre
{C] un composé organoaluminique.

Catalyseur conforme 2 la revendication 6, dans lequel le composé organoaluminique [C] est un
composé organoaluminique représenté par la formule R®,AlY3-, dans laquelle R® est un groupe
hydrocarboné comportant de 1 3 12 atomes de carbone, X est un halogdne et m vaut de 1 4 3, ou par
la formule R®,AlY;., dans laquelle R® est celui défini ci-dessus, Y est un atome d‘hydrogéne, un
groupe -OR’, -OSiR83, -OAIR?;, -N(R')AIR',, -NR'%;0u -SiR'%;, n vaut 1 - 2 et R7 3 R'3, identiques
ou différents, représentent un atome d'hydrogéne, d'halogéne ou un groupe hydrocarboné.

Catalyseur conforme 2 ia revendication 4, 5 ou 6, comprenant en outre
{D] un aluminoxane ayant au moins un groupe hydrocarboné, autre que n-alkyle, lié A I'atome
d'aluminium.

Catalyseur conforme 2 la revendication 8, dans lequel, dans {D], le groupe hydrocarboné, autre que n-
alkyle, est un groupe alkyle ramifié, cycloalkyle ou aryle.

Procédé de préparation d'une polyoléfine comprenant la polymérisation ou la copolymérisation d'oléfi-

nes en présence d'un catalyseur de polymérisation d'oléfines conforme 2 une quelconque des
revendications 4 4 9.
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